Background: Estimating dietary intake is important for both epidemiological and clinical studies, but often lacks accuracy. Objective: To investigate the accuracy and validity of energy intake estimated by an easy-to-use semiquantitative food record (EI SQFR ) compared to total energy expenditure (TEE) estimated by doubly labelled water technique (EE DLW ). Design: TEE was measured in 29 nonobese subjects using the doubly labelled water method over a period of 14 days. Within this period, subjects reported their food consumption by a newly developed semiquantitative food record for 4 consecutive days. Energy intake was calculated using the German Food Code and Nutrition Data Base BLS II.3. Results: A good correlation was observed between EI SQFR and EE DLW (r ¼ 0.685, Po0.001). The mean difference between EI SQFR and EE DLW was À1.772.6 MJ/day (À14721%, P ¼ 0.002). An underestimation of EI SQFR o10% was observed in nine subjects (31%), of 10-20% in six subjects (21%), and of 420% in nine subjects (31%). In five subjects (17%), an overestimation of EI SQFR was observed.
Introduction
Estimating dietary intake is important for both epidemiological and clinical studies. The unbiased assessment of food intake, however, remains an unsolved problem in nutritional research (Thompson & Subar, 2001; Lissner, 2002; Fraser, 2003; Livingstone & Black, 2003) . Extensive reviews about dietary assessment methods and its limitations are available in the literature (Gibson, 1990; Willett, 1998; Thompson & Subar, 2001) . The most important bias is a serious underestimation of dietary intake by most dietary assessment methods indicated by a discrepancy between reported energy intakes and energy requirements (Willett, 1998; Black, 2000a; Thompson & Subar, 2001 ). However, overestimation has also been demonstrated (Black, 2000b) , resulting in high measurement errors. A variety of dietary assessment instruments has been developed. The most common instruments to assess dietary intake are food frequency questionnaires (FFQs), 24 hrecalls, diet history and food records (Thompson et al, 1997) . All these methods are characterized by their strengths and weaknesses, which have been described in several reviews (Gibson, 1990; Willett, 1998; Thompson & Subar, 2001 ).
Despite several limitations, weighed food records have often been regarded as reference instruments and used for validating other dietary assessment methods (Gibson, 1990; Willett, 1998; Thompson & Subar, 2001 ). Estimating dietary intake by a food record is based on listing all eaten foods for a number of days. The portion sizes of the consumed foods are quantified either by weight or by estimation using household measures such as cups and tablespoons. The food record has proven to be superior to several other dietary assessment methods because all foods have to be recorded as they are consumed, but suitability of food records has been discussed controversially (Gibson, 1990; Barrett-Connor, 1991) . As a prospective method, this method does not rely on respondent's long-term memory, but places a substantial burden on subjects with regard to motivation and maintenance of spontaneous diet habits.
The food record method has a marked weakness in the effort needed to code and to evaluate the data, thus leading to high personnel costs (Thompson & Subar, 2001 ). The method also requires that study participants are literate and trained depending on the level of detail needed to estimate adequately the foods and amounts consumed (Gibson, 1990; Willett, 1998) . Therefore, their applicability in large-scale epidemiologic studies is limited. Furthermore, food records are highly reactive instruments and, despite the common problem of under-reporting and undereating, they may cause modifications in usual dietary habits. The recording period is limited because it has been shown that a recording period 47 day alters food habits (Black et al, 1993) . Moreover, the number of incomplete records increases with the number of recording days (Trabulsi & Schoeller, 2001) .
A well-accepted and easy-to-use instrument is needed in order to obtain accurate results with reduced burden for respondents, as well as reduced efforts in instructions of subjects and in data entry.
Therefore, we developed an easy-to-use semiquantitative food record that consists of listings of food groups with given portion sizes based on our previously used instruments (Hoffmann et al, 1994) . The instrument was designed to be used without prior training or detailed instructions of subjects, thus being of less effort for the investigator. This food record permits a direct and simple recording of all foods consumed. The purpose of the present study was to validate the energy intake estimated by this new semiquantitative food record against energy expenditure measured by the doubly labelled water (DLW) technique, which is accepted as a gold standard in free-living volunteers (Hill & Davies, 2001; Schoeller, 2002) .
Subjects and methods

Subjects
Healthy volunteers (n ¼ 32) were recruited from the participants of a study designed to compare different methods for estimating body composition. Subjects were 19-64 y and had a body mass index (BMI) o30 kg/m 2 . Exclusion criteria were participation in previous epidemiological studies, pregnancy and lactation, as well as diseases of the gut and the kidney or other chronic diseases. Professional athletes were also excluded. All participants had no prior experience with the use of epidemiological instruments such as food records, FFQs or dietary recalls. Owing to incomplete urine sampling, one male person had to be excluded from the study. Two male persons had to be excluded because they started a special diet during the study and were, therefore, not in energy balance. The final study population consisted of 13 males and 16 females (n ¼ 29). The study protocol was approved by the Ethic Committee of the University of Potsdam. All participants gave written informed consent.
Body composition and resting energy expenditure (REE) On the first study day, subjects entered the study centre between 0700 and 0800 after an overnight fast of at least 10 h. Only slight physical activity was allowed in the morning. With light underwear and empty bladder, the body weight was assessed using an electronic calibrated scale (Soehnle, Murrhardt, Germany) to the nearest 0.1 kg. Height was determined with a GPM anthropometer (Siber & Hegner, Zurich, Switzerland) to the nearest 0.1 cm. BMI was calculated as body weight (kg)/height (m) 2 . Body fat and lean body mass were measured by Dual Energy X-ray Absorptiometry using a QDR-2000 Bone Densitometer (DXA, Hologic, Waltham, MA, USA). REE was determined by using an indirect calorimeter (DeltatracTM II, Hoyer, Bremen, Germany). CO 2 production and O 2 consumption were measured for 30 min at rest, in lying position of the subject. REE was calculated according to the Weir equation (Weir, 1990) .
Dietary assessment and calculation of energy intake
The dietary intake of the study participants was assessed by a semiquantitative and self-administered 4-day food record from Sunday to Wednesday during the second week of the study. The record was handed over by our staff and subjects were instructed to record their entire food intake at the time of the consumption. The semiquantitative food record as well as an accompanying data entry and nutrient calculation software program are available for download at www.dife.de (please follow the links 'Press', 'Downloads' and 'Epidemiological assessment tools') including a complete documentation of food coding. Additional data are available upon request to the authors.
The semiquantitative food record consists of a food list containing 270 food items, subdivided into 27 food groups (Table 1) . Food items were chosen according to the guidelines for the aggregation of foods to items (Block et al, 1986) based on food record pretests with a total of 1575 subjects in former Western Germany and 348 subjects in the former Eastern Germany, including a total of 425 subjects adhering to a plant-based diet. Food items were listed in such a way that the complete diet is depictured with regard to different diet groups. Additionally, personal interviews with dietary assessment experts and dietitians were conducted.
For every food item, both typical household measures and the corresponding portion size (in grams) are provided ( Figure 1 ). Standardized portion sizes were taken from available benchmarks developed for German population such as MONICA food list (Auswertungs-und Informationsdienst für Ernährung, Landwirtschaft und Forsten e.V., 1991; Union Deutsche Lebensmittelwerke, 1997) and controlled by a dietitian. In some items such as dairy, fish and meat, foods are also differentiated according to their fat content. Fruit and vegetable items discriminate between cooked and uncooked foods. General information about the use of drugs and dietary supplements is also assessed by the record. To increase reporting accuracy and unambiguous classification of certain food items, the food-recording booklet also provided coloured photographs and detailed descriptions of portion sizes. Detailed written instructions were included into the booklet to inform the study participants on how to complete the food record.
The coding of nutrient and energy intake was carried out on the basis of the German Food Code and Nutrient Data Base BLS II.3 (Federal Institute for Health Protection of Consumers and Veterinary Medicine, 1999) . A special database was developed to decrease effort in data entry to about 10 min per record allowing an automatic calculation of nutrient intake. H provides a measure of carbon dioxide production (r CO2 ). TEE can then be calculated from r CO2 using an estimate of respiratory quotient . For this study, the multipoint approach was applied using the equations of Coward and Cole (Coward, 1991; Cole & Coward, 1992) .
Prior to DLW application, subjects collected three baseline urine samples between 0700 and 0800 after an overnight fast. The third baseline urine sample was collected immediately before the subjects drank 0. O (euriso-top, Saint Aubin Cedex, France). Thereafter, subjects stayed fasted at the laboratory for 5 h until the first postdose urine sample was obtained. Subjects were given labelled containers and instructions for collecting subsequent urine specimens. Subjects were then free to engage in their usual daily routine. The following 13 subsequent days, the subjects collected the urine from their second void of the day for isotope analyses. All urine samples were stored at À201C until analysed. Samples were analysed by isotope ratio mass spectrometry at the stable isotope facility of the Alfred Wegener Institute for Polar and Marine Research, Potsdam, Germany (Meyer et al, 2000) . The isotopic enrichment was determined using a Delta S isotope ratio mass spectrometer (Finnigan MAT, Bremen, Germany) equipped with equilibration devices. For the measurements, a 5 ml aliquot of each sample was equilibrated isotopically with CO 2 or H 2 at a constant temperature of 18.070.011C. From the same sample aliquot, dD and d O zero-time intercepts and elimination rates (k H and k O ) were calculated by using least-squares linear regression on the natural logarithm of isotope concentration as a function of elapsed time from dose. The calculation of r CO2 is described elsewhere (Thielecke et al, 1997) . r CO2 was converted to TEE DLW (MJ/day) considering a food quotient of 0.86 according to the Third National Health and Nutrition Examination Survey (Kant, 2002) . The coefficient of variation for the applied method is 2.5%, when followed the approach as suggested by Cole & Coward (1992) .
Statistical analysis
All statistical analyses were performed using SPSS for Windows 11.5 (SPSS Inc., Chicago, IL, USA). All data are shown as mean and s.d., for general characteristics a range is also given. Pearson's correlation coefficients were calculated as a measure of association between EI SQFR and EE DLW . In Bland-Altman plots, the difference between EI SQFR and EE DLW (y-axis) was plotted against the arithmetic mean of EI SQFR and EE DLW (x-axis) (Bland & Altman, 1995) . The limits of agreement are given as 1.96 Â s.d. of the difference. The number of under-and over-reporters has been calculated by a direct comparison of EI and EE and their percentage deviation (Black, 2000a) . Acceptable reporting of energy intake was defined as |EI SQFR ÀEE DLW |/EE DLW Â 100 o20%.
Potential determinants of the difference between EI SQFR and EE DLW as a measure of over-or underestimation were proven by using the Student's t-test for independent samples (effect of gender) and Pearson's correlation coefficients (effects of age, body weight, body mass index, total body fat).
Results
General characteristics of study participants are shown in Table 2 . As intended at recruitment, a broad range of age, body weight, BMI and percentage of body fat within the study population was observed. Eight of 29 participants (26%) were overweight (BMI 425 kg/m 2 ) but none had a BMI 430 kg/m 2 . Most participants (53%) were full-time employed, 7% half-time employed and 20% were trainees or students. Other subjects were unemployed (17%) or retired (3%). All food records were filled in accurately. Major food group consumption and nutrient intake calculated from the easyto-use semiquantitative food record are shown in Table 3 . The EI SQFR was 9.773.5 MJ/day, and the EE DLW was Figure 1 Example of the semiquantitative food record with typical household measures and the corresponding portion size. The food record also provided coloured photographs and detailed descriptions of portion sizes.
Validation of a semiquantitative food record C Koebnick et al 11.372.9 MJ/day. A good correlation was observed between EI SQFR and EE DLW (r ¼ 0.685, Po0.001; Figure 2 ). After adjustment for gender and body mass, the correlation was r ¼ 0.586 (P ¼ 0.005). Adjusted for body weight, the correlation was better for males (r ¼ 0.604, P ¼ 0.037) than for females (r ¼ 0.402; P ¼ 0.049). The mean difference between EI SQFR and EE DLW was À1.772.6 MJ/day (À14721%), indicating an underestimation of EI SQFR compared to EE DLW . The mean difference was similar for males (1.673.2) and females (1.771.9). The difference was significantly different from zero (P ¼ 0.002; Figure 3 ) but did not depend on the size of EE. There was a wide range in accuracy of reporting. The range of the difference between EI SQFR and EE DLW was À6.87 to 4.52 MJ/day. An underestimation of EI SQFR was observed in 24 (83%) subjects. In nine subjects (31%), the underestimation was o10%, in six subjects (21%) 10-20% and in nine subjects (31%) the underestimation was 420% (maximum: 49%). In five subjects (17%), an overestimation of EI SQFR was observed where in three subjects (10%) the overestimation was 10-20%, and in two subjects (7%) the overestimation was 420% (maximum þ 34%). The difference between EI SQFR and EE DLW was independent of gender, age, body weight and body fat. However, a slight negative association between the difference and BMI was observed (r ¼ À0.385, P ¼ 0.039), indicating an increasing underestimation with increasing BMI.
Discussion
To assess dietary intake, we developed an easy-to-use semiquantitative food record that consists of listings of food items with given portion sizes and that can be used without prior training or detailed instructions for respondents. The (EE DLW ) and by the semiquantitative food record (EE SQFR ) plotted against the arithmetic mean of both measurements according to Bland-Altman (Bland & Altman, 1995) . A negative sign in the difference indicates an underestimation and a positive sign indicates an overestimation by using the semiquantitative food record. (Bingham & Day, 1997) . Food consumption is recorded immediately after consumption. Therefore, estimates are independent of the respondents' ability to remember and to recall all food consumed and their corresponding portion sizes (Thompson & Subar, 2001) . Nevertheless, the food record method has certain drawbacks. The method requires that respondents are both motivated and literate. This limits their applicability in some population groups with low economic status and children. Food records are also reactive as they are known to alter usual food habits (Thompson & Subar, 2001) . We can also not exclude that food recording is not carried out immediately after consumption, but it can be expected that influence of later recording is less distinct than in instruments based on respondents' ability to remember alone such as FFQs and dietary recalls. A major disadvantage is, however, that the dietary assessment via food records is time consuming for both the respondent and the investigator. Furthermore, the more detailed the food consumed has to be recorded, the lower is the compliance of the respondents resulting both in under-reporting and in undereating (Thompson & Subar, 2001) .
The aim of the present study was to develop a dietary assessment instrument that combines high accuracy with low efforts in both instruction of subjects and data analysis. A semiquantitative food record permitting a direct and simple recording of all consumed foods was used. In order to simplify the recording procedure and to minimize efforts for users, a food list with characteristic household measures and portion sizes was provided.
This list was supported by photographs of the portion sizes and additional information on how to estimate the proportion of food consumed and the fat content. Fruits and vegetables are differentiated into cooked and uncooked foods; many other food items are assessed according to their fat content. Semiquantitative food records have been shown to produce accurate estimates of energy intakes in elderly subjects (Luhrmann et al, 1999) .
A parent version of our easy-to-use semiquantitative food record has been developed by Hoffmann et al (1994 Hoffmann et al ( , 2001 and consisted of 151 food items. In a previous validation study, this closed-ended record was validated against a 7-day weighed food record. The results of this validation study showed a slightly higher estimation of the energy intake by the semiquantitative food record compared to the weighed food record (Hoffmann et al, 1994 (Hoffmann et al, , 2001 . A low-effort procedure for data analysis had already been developed in this parent version. The effort for the data entry of our easyto-use semiquantitative food record is about 10-15 min compared to 4-6 h for a food record with an open-ended approach.
In the present study, the use of a food record without giving detailed instructions for subjects prior to the study did not result in a lack of accuracy of results compared to instruments used in other studies. This semiquantitative food record led to valid and accurate estimates for groups of subjects expressed by a good agreement of EI from the new instrument and EE from DLW with an average difference of À14% and a coefficient of correlation of 0.685. An acceptable reporting was observed in 62% of subjects, whereas 31% under-reported and 7% over-reported. Nevertheless, deviations of up to 4.5 MJ/day were observed, suggesting substantial limitations in the accuracy at an individual level. In the literature reviews, correlation coefficients between 0.46 and 0.86 for EI from food records and EE calculated using DLW technique have been described (Martin et al, 1996; Trabulsi & Schoeller, 2001) . In some studies, the correlations were even lower (Rothenberg et al, 1998; Black, 2000b) . The average differences between EI from food records and TEE calculated from DLW method ranges between 2 and 59% depending on sample size and subjects (Trabulsi & Schoeller, 2001 ). Higher validity of estimates can be observed in lean subjects , and lower validity in obese subjects (Lissner, 2002) . It was also reported that reporting accuracy is inversely related to age and body fat (Tomoyasu et al, 1999; Trabulsi & Schoeller, 2001 ). In the present study, the accuracy of EI was inversely related to BMI but independent of gender, age, body weight, and body fat.
Misreporting of dietary intake is a common problem, especially in obese subjects (Thompson & Subar, 2001; Lissner, 2002) . Several validation studies have shown that all dietary assessment instruments in general tend to underestimate the daily energy intake. This underestimation may be caused either by undereating or under-reporting (Thompson et al, 1997) . The present results also show that the easy-to-use semiquantitative food record tends to underestimate food intake. Owing to the study design, it is not possible to classify the cause of underestimation as underreporting or undereating. We cannot exclude that some subjects used the recording period to control and to restrain usual eating habits. As the DLW method would capture undereating to some degree, it is more likely that subjects under-reported than underate. Moreover, the observed discrepancies between TEE DLW and reported EI might also be explained by the fact that food recording does not cover the entire period of DLW measurement.
Like most validation studies using the DLW technique, the present study has its major limitation in the low sample size caused by the costs of the isotopes. Our sample size is, therefore, well in the range of other validation studies. Furthermore, the new semiquantitative food record was only validated in healthy and nonobese adults in a cross-sectional study design that does not allow estimating the repeatability. Additionally, the study participants were a selected group of subjects that may be higher motivated than usual in epidemiological studies. The ability to estimate determinants of over-or underestimation such as gender and body fat is also limited due to the small sample size. Further determinants may be found in larger epidemiological studies. The present results also suggest a trend to underestimate energy intake by the easy-to-use semiquantitative food record.
In conclusion, the new semiquantitative food record provided good estimates of EI in free-living and nonobese adults without the necessity to give detailed verbal information and is characterized by low efforts in data evaluation. The food record provided acceptable deviations from data derived from DLW for groups of individuals with limitations regarding accuracy at an individual level.
